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Abstract
Background: An important challenge of school-based childhood obesity (OB) intervention programs is understanding
the maintenance of the effects after cessation of the intervention to overcome the limitations of follow-up studies. The
aim of this study is to verify the sustainability of the benefits achieved at a 4-year follow-up of the post-Educació en
Alimentació (EDAl) program intervention cessation by assessing the OB-related outcomes and lifestyles of 13- to
15-year-old adolescents.
Methods: This paper describes a 4-year follow-up study after the cessation of a school-based randomized controlled
intervention in adolescents (n = 349, intervention; n = 154, control) with baseline and 4-year follow-up data from high
schools in Reus (intervention group), Salou, Cambrils and Vila-seca (control group). The outcomes are body mass index
(BMI), BMI z-score, and OB prevalence according to the World Health Organization and International Obesity Task Force
criteria and lifestyle data (obtained from questionnaires).
Results: Compared with the control girls, the intervention girls showed reduced BMI z-scores (−0.33 units, p < 0.01)
from baseline (2007) to the 4-year follow-up post-intervention (2014). Compared with the control boys, the
intervention boys showed reduced OB prevalence (−7.7%; p = 0.02). Compared with the control boys, more boys in the
intervention group (19% increase; p = 0.059) showed ≥4 h/week after-school physical activity (PA). A decrease in the
consumption of dairy products, fruits and fish was observed in both groups.
Conclusions: At the 4-year post-intervention follow-up of the EdAl program, compared with the control groups, girls
had lower BMI z-scores and boys had lower OB prevalence from the intervention. The encouragement in after-school
PA was long-lasting and maintained after the cessation of the intervention, whereas healthy food habits must be
further reinforced in adolescents.
Trial registration: ISRCTN29247645.
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Background
Childhood obesity (OB) is a public health challenge [1].
The most recent data show that approximately one in five
children in the Organisation for Economic Co-operation
and Development (OECD) area are overweight (OW) or
obese [2]. In Spain, childhood OW and OB trends have
continuously grown [3]. However, the childhood OW and
OB classification from the OECD countries [4] showed
higher values in Spanish children than the OECD mean
data. In Spain, the OB prevalence was 6.7% in the adoles-
cent population (14–17 y), as measured by the Inter-
national Obesity Task Force (IOTF) [5].
To discover effective interventions that reduce OB
over the long-term after the cessation of an intervention
is challenging, and scarce information is available for
this purpose [6]. A Cochrane review of interventions for
preventing OB in children and adolescents emphasized
that education may make it possible to prevent OB and
that the long-term effects of an intervention should be
assessed [6].
From the school-based programs that have been iden-
tified, few have been evaluated post-intervention for
their follow-up effectiveness because such evaluations
are difficult due to economic concerns and high-rates of
participant dropout that induce a low-attrition rate and
logistical troubles [7]. There are several examples of post-
intervention follow-up effectiveness studies, such as the
Cretan Health and Nutrition Education Program [8, 9] at
4-y follow-up post-intervention, the Child and Adolescent
Trial for Cardiovascular Health (CATCH) cohort at 3-y
follow-up post-intervention, [10, 11] the CHristchurch
Obesity Prevention Programme in Schools (CHOPPS)
study, [12] the A Pilot Programme for Lifestyle and
Exercise (APPLE) project [13] at 2-year follow-up post-
intervention, and the Intervention in Eating Habits and
Physical Activity in Schoolchildren. The AVall study at 2-
and 4-year follow-up post-intervention [14, 15] demon-
strated long-lasting effects in physical activity practice or
OB prevalence post-cessation of the intervention.
We have previously shown that the effects of the
primary school-based Educació en Alimentació (EdAl)
program that was applied in a Spanish area (24 schools,
n = 1222 in the intervention group and 14 schools and
n = 717 in the control group) resulted in a successful
reduction in the prevalence of childhood OB in boys
by 4.39%. Compared with the control boys, the boys
in the intervention group showed a BMI z-score reduction
of −0.24 units; the effectiveness of an intervention is
considered to be a BMI z-score reduction of more than
−0.15 units of the [16]. Notably, compared with the con-
trols, 5.1% more pupils in the intervention group engaged
in >5 h/week of after-school physical activity (PA) after
the 28 months of intervention, which ended in 2010 [17].
Furthermore, in 2012, at the 2-year follow-up post-
intervention, these effectiveness patterns had been main-
tained: compared with the control groups, both genders
showed lower BMI z-scores, lower OB prevalence, and in-
creased after-school PA [18]. To overcome the limitations
of follow-up studies, the aim of the present study is to ver-
ify the sustainability of the benefits achieved at 4-year
follow-up post-intervention by assessing the OB-related
outcomes and lifestyles of 13- to 15-year-old adolescents
in 2014, 4 years after the cessation of EdAl intervention
participation.
Methods
Aim, design and setting of the study
The aim of the present study is to verify the sustainabil-
ity of the benefits that were achieved at 4-year follow-up
post-EdAl intervention by assessing the OB-related out-
comes and lifestyles in 13- to 15-year-old adolescents in
2014, 4 years after the cessation of EdAl intervention
participation.
The protocol, rationale, design and procedures of the
EdAl program (trial registration number ISRCTN2
9247645), as well as the results obtained at the conclu-
sion of the study and at 2-year follow-up, have been
published [17, 18, 19]. The current study, which was
conducted at the 4-year follow-up post-intervention in
2014, was approved by the clinical research ethical com-
mittee of the Hospital Universitari Sant Joan de Reus,
Universitat Rovira i Virgili (Catalan ethical committee
registry #20; ref.: 12–03-29/3proj2).
The protocol conformed to the Helsinki Declaration
and Good Clinical Practice guidelines of the Inter-
national Conference of Harmonization (ICH GCP). The
data that were collected on the adolescents, who pro-
vided written informed consent (signed by the parents
or guardians) prior to their participation in the follow-
up study, were analyzed. The 4-year follow-up post-
intervention of the EdAl program was an observational
study and is described according to the STROBE State-
ment [20].
Briefly, the EdAl program consisted of 12 educational
intervention activities [16, 18] that focused on 8 lifestyle
topics selected based on the scientific evidence to im-
prove nutritional food selection, healthy habits such as
teeth brushing and hand washing, the overall adoption
of behaviors that encourage PA (i.e., walking to school
and playground games) and the avoidance of sedentary
behavior. These intervention activities were based on 12
activities (1 h/activity/session) conducted 4 per year every
15 days in the third trimester of a Spanish academic
course (April to June) over 15 weeks per academic year
[21]. The design, standardization and implementation
were made by university students who acted as health
promoting agents (HPAs) to 7- and 8-year-old children at
primary schools over 28 months during 3 academic years
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that ended in 2010. All activities were described in a
lesson planning format, a tool that is usually used by
primary school teachers. All the activities had the same
following format: 5–10 min of funny theory about nutri-
tional characteristics or health benefits; 15 min of play
based on the theory of this activity (for example, memory
cards); 30 min of experimental activity (children played
and tasted the food that related to the activity); and 5–
10 min of discussion and to answer questions. The univer-
sity students used the service-learning method to develop
activities and practices that were geared toward children,
and the HPAs’ reflections related their service to their aca-
demic work [21–23]. Moreover, each intervention activity
had an educational message that related to one of the fol-
lowing eight lifestyle topics: (First year) (1) to improve to-
ward a healthy lifestyle; (2) to encourage the intake of
healthy drinks (and the avoidance of unhealthy carbon-
ated/sweetened beverages); (3) to increase the consump-
tion of vegetables and legumes; (4) to decrease the
consumption of candies and pastries while increasing the
intake of fresh fruits and nuts; (Second year) (5) to im-
prove healthy habits within a set timetable (i.e., home-
cooked meals, teeth brushing, and hand washing) and PA
participation; (6) to increase fruit intake; (7) to improve
dairy product consumption; and (8) to increase fish con-
sumption. In the Third year, these eight lifestyle topics
were reinforced.
Furthermore, the parents were involved in these activ-
ities with their children. For each activity, the children
took home some recommendations on healthy lifestyles
and shared with their parents the information of the
activity that was developed at school.
Optionally, depending on the schools and parents, the
same educational activities that the children participated
in were offered to their parents. In this way, the parents
and children interacted with the same healthy nutrition
and lifestyle activities.
The fidelity of the schools was great. All of the partici-
pating schools were enthusiastic with all the activities of
the EdAl program. Even the schools in the control group
were pleased with the program, and the university of-
fered to implement the intervention in the control group
schools when the long-term effectiveness of the study is
demonstrated.
Re-recruiting of adolescents
The children participants of the EdAl study at the 2-year
follow-up post-cessation changed from primary school
to high school. The local authorities of the participants’
towns provided us the name of the current high school
of these participants to contact their parents/legal guardian
and themselves. Then, researchers contacted the directors
of these high schools and the parents of the participants to
request permission to repeat the anthropometric measures
and distribute the lifestyles questionnaire. Next, researchers
assessed the EdAl participants at 2-year follow-up post-
intervention [18] and repeated the assessment at 4-year
follow-up post-intervention.
If any adolescent changed to another high school and
did not further participate in the EdAl study, these
adolescents were considered to be dropouts. Another
dropout reason at 2-year follow-up post-intervention
was done by the authors’ criteria of excluded the partici-
pants birth before 01/01/1999 and after 31/12/2000 [18],
due to this participants did not present the inclusion
criteria data completed (Fig. 1).
Outcomes
Weight and height were obtained as described in the
protocol [19]. The primary outcome was OB prevalence
measured as BMI according to IOTF [24] and World
Health Organization (WHO) criteria [25]. Secondary
outcomes were OB-related outcomes such as BMI, BMI
z-score, waist circumference, hip circumference, inci-
dence and remission of excess weight (i.e., the partici-
pant’s change from OB status to OW or normal weight).
The BMI z-score was analyzed according to the WHO
Global InfoBase that defines children with a BMI z-
score > 2 as OB [25]. Additionally, dietary habits (such
as breakfast and its composition of dairy products, cereal
and pastries, the consumption of fruit, vegetables, sec-
ond dairy products, fish, legumes, candy, pasta, rice, fast
food and olive oil and cooking at home) were analyzed
by using the enKid questionnaire [26]. These dietary
habits (such as the composition of breakfast before leav-
ing home and the snack at midmorning), after-school
PA in hours/week and sedentary lifestyles (television
and/or video games in hours/day) were recorded using
the AVall questionnaire [27]. Both questionnaires were
completed at baseline (2007–2008) and at the 4-year
follow-up post-intervention (2014).
Statistical analyses
The descriptive data are presented as the means or
percentages and 95% confidence intervals (95% CIs) or ±
standard deviations (±SDs) for the variables that
followed normal distributions. General linear models
(GLMs) were used to analyze the differences between
the continuous values for the intervention and control
groups in relation to the prevalence of OB. The
anthropometric data were analyzed using an ANOVA
adjusted for age. Repeated measures GLMs were used to
analyze the trend in the BMI z-scores between baseline
and the 4-year follow-up post-intervention. McNemar’s
test was used to calculate the differences among the
changes from the baseline to the 4-year follow-up post-
intervention in both groups.
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The primary analyses were performed with the modi-
fied intention-to-treat (mITT) population, that is, the
subjects with at least baseline and 4-year follow-up post-
intervention measurements of weight and height. The
analysis did not use any imputation missing method,
with the assumption that any missing data were random.
The statistical significance was set at p ≤ 0.05. The data
were analyzed by using SPSS software (version 22) and R
version 3.3.3 [28]. Fig. 2 was generated by using the R
package ggplot2 [29].
Results
At the 4-year follow-up post-intervention, 349 of 966
(36.12%) adolescents in the intervention group and 154
of 413 (37.28%) adolescents in the control group were
included in the analysis (Fig. 1). The observed dropouts
were not more prevalent among either the OW or OB
adolescents.
At the 4-year follow-up post-intervention, the mean
(±SD) age was 15.6 ± 0.53 years in the intervention group
and 14.9 ± 0.36 years in the control group (p < 0.01) and
was not different between the genders.
An analysis of the anthropometric characteristics of
the adolescents at the 4-year follow-up post-intervention
showed that the BMI and waist circumference were
greater in the boys in the intervention group than the
boys in the control group. In contrast, the control girls
presented with 2.45 kg more of fat mass compared with
the intervention girls (15.47 kg vs. 13.02 kg; p = 0.008)
(Table 1).
Fig. 1 Flow diagram of the participants throughout the study. The 4-year follow-up post-intervention measurements were conducted over the
2014 academic year in Reus (intervention group) and in Cambrils, Salou and Vila-seca (control group)
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At 4-year follow-up post-intervention, the BMI z-scores
in the intervention groups were reduced by −0.58 units,
whereas in the control groups, it was reduced by
−0.41 units, with a significant difference of −0.17 units
(p = 0.003). By gender, in girls, compared with a BMI
z-score reduction of −0.32 in the control group, the
BMI z-score was reduced by −0.65 in the intervention
group, with a significant difference of −0.33 units (p =
0.003) (Table 2). In contrast, there was not a significant
difference in the BMI z-score in boys (Table 2).
Although no statistically significant differences were
found between the control and intervention groups on
OB and OW prevalence, which is probably due to a lack
of power given the categorical nature of the variable, the
intragroup evolution is clearly different. At the 4-year
follow-up post-intervention, compared with the baseline
prevalence, the OB prevalence by the WHO criteria was
reduced by −11.8% in the boys in the intervention group
and by −4.1% in the boys in the control group, with a
difference of −7.7% (p = 0.019) in favor of the interven-
tion group (Table 3). Conversely, at the 4-year follow-up
post-intervention, the OW prevalence (according to the
IOTF criteria) decreased in the girls in the intervention
group (from 17.5% to 6.4%; p = 0.002) and in the girls in
the control group (from 20.9% to 10.5%; p = 0.022)
(Table 3). Improvement over time was also analyzed by
tracking the changes in the BMI category over time
through a mixed logistic model of repeated measures,
without the ability to detect the differences between
the groups for boys (p = 0.449), girls (p = 0.523) or
overall (p = 0.291). The evolution of the proportion of
the adolescents who improved after the study is
shown in Fig. 2.
At the 4-year follow-up post-intervention, the percent-
age of the adolescents in the intervention group who
spent ≤2 h/day watching TV and/or playing video games
significantly decreased by 91.2% (n = 237) to 73.3% (n =
231) (p = 0.001), but compared with the control group,
no such differences were observed (Table 4).
Furthermore, we observed an increase in the number
of the participants with ≥4 h/week of after-school PA at
the 4-year follow-up post-intervention. This increase
was 26.8% (p < 0.001) in the boys and 16% (p = 0.004) in
the girls in the intervention group, whereas this increase
was 12.3% (p = 0.388) in the boys and 12.2% (p = 0.049)
in the girls in the control group. Compared with the
boys in the control group, more boys in the intervention
group (an increase of 19%; p = 0.059) performed ≥4 h/
week of after-school PA, whereas in girls, the difference
between the two groups was not significant (Table 4).
Based on the 15 food items in the Krece Plus ques-
tionnaire, the 4-year follow-up post-intervention showed
deteriorating food behaviors that related to the con-
sumption of dairy products, fruit and fish in both the
intervention and control groups, primarily in the girls
(Additional file 1). However, considering the dietary
items on the AVall questionnaire, we observed an in-
crease of 11.1% (p = 0.039) in sandwich consumption for
breakfast before leaving home in the control group com-
pared with the intervention group. In the intervention
group, we observed a decrease in the midmorning break-
fast consumption of pastries (p = 0.029), juice and soft
drinks compared with the control group (p = 0.009)
(Additional file 1).
Discussion
This study reports the long-lasting effects of the EdAl
school-based OB intervention program at the 4-year
follow-up post-intervention. The results show an effect-
ive significant reduction of −0.33 units in the BMI z-
score of the girls in the intervention group relative to
the girls in the control group, as well as the effective
Fig. 2 Evolution of the proportion of the children who improved in the BMI category since the previous time point
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significant reduction of −0.17 of the BMI z-score units
in the participants overall. In addition, compared with
the prevalence of OB boys in the control group, the find-
ings show a reduction of −7.7% in the prevalence of OB
in the boys in the intervention group.
In the present study, the BMI z-score reduction is
effective considering the reductions of −0.15 units in the
BMI z-scores between the pre- and post-intervention
group changes relative to the control group [16]. The
decrease in OB-related outcomes in the boys in the EdAl
program began during implementation and continued
after the cessation of the intervention, whereas the
reduction in OB-related outcome effects in the girls
were not observed until the 4-year follow-up post-
intervention. Although the BMI z-score considers stand-
ard deviation units above or below the mean [30] that
are determined according to the WHO population
standard, OB prevalence reduction only reflects changes
from OB to other weight statuses, such as OW and/or
normal weight. These data suggest that the EdAl
program was effective and long-lasting in the 4-year
follow-up post-intervention with respect to OB-related
outcomes. In the girls, the decreasing BMI z-score was
nearer to the mean of the WHO population standard,
while in the boys, the weight status decreased to a
healthier category.
Furthermore, a measure of the beneficial effects of an
intervention in terms of healthy lifestyle maintenance
over the long term [31] is needed to serve as an indica-
tor of the effectiveness of the intervention. According to
our knowledge, there are seven follow-up studies that
were performed post-intervention, including 3 studies
that observed the effects at the 4-year follow-up post-
intervention, [9, 15, 32, 33] such as the present study,
which demonstrates the considerable difficulty in follow-
ing the participants when the intervention ended.
For example, the AVall study, a 2-year school-based
cluster randomized controlled trial (5- to 6-year-old
children) that was implemented in Granollers (Spain),
achieved a 3.6% reduction in the prevalence of OB in the
intervention schoolchildren and a 0.5% increase in OB
prevalence in the control schoolchildren at the 2-year
follow-up post-intervention[14]. At the 4-year follow-up
post-intervention, the BMI in the intervention group
was reduced by 1.13 kg/m2 [15]. These findings demon-
strate effective results at the 2-year follow-up post-
intervention and slightly small improvements at the 4-
year follow-up post-intervention. In contrast, the present
study shows improvements in the BMI z-score and OB
prevalence at the 4-year follow-up post-intervention, al-
though the age of the target groups was different; in the
AVall study, there were fewer young participants than in
the EdAl study. Moreover, the Cretan study, a 6-year
school-based cluster randomized controlled trial (1st
grade school children) implemented in three counties in
Greece demonstrated that the intervention group pre-
sented a lower increase in BMI at the 4-year follow-up
post-intervention relative to the control group [8] In
addition, the KOPS study, a 1-year school-based cluster
randomized controlled trial (5–7-year-old children) that
was implemented in Kiel (Germany) showed a sustain-
ment in the incidence and remission of OW and no
change in the OB-related outcomes at the 4-year follow-
up post-intervention, with more OB presence in families
Table 2 BMI z-score at baseline and 4-year follow-up post-intervention in the intervention and control groups
Baselinec 4-year follow-up post-intervention Change baselinec to 4-year
follow-up post-intervention
Baselinec vs. 4-year
follow-up post-intervention
Intervention vs. control
Mean (95% CI) Mean (95% CI) Mean (95% CI) p-valueb p-valued
BMI Z-scorea
Intervention
Boys 0.57 (0.40 to 0.74) −0.09 (−0.25 to 0.08) −0.67 (−0.80 to −0.54) <0.001e 0.282
Girls 0.44 (0.26 to 0.61) −0.23 (−0.39 to −0.07) −0.65 (−0.78 to −0.51) <0.001e 0.003
Total 0.51 (0.38 to 0.63) −0.15 (−0.27 to −0.04) −0.58 (−0.75 to −0.56) <0.001e 0.003
Control
Boys 0.16 (−0.12 to 0.44) −0.37 (−0.66 to −0.09) −0.54 (−0.72 to −0.35) <0.001e
Girls 0.30 (0.08 to 0.53) −0.01 (−0.23 to 0.21) −0.32 (−0.45 to −0.18) <0.001e
Total 0.24 (0.06 to 0.42) −0.17 (−0.35 to 0.00) −0.41 (−0.53 to −0.30) <0.001e
BMI body mass index, CI confidence interval, WHO World Health Organization
Bold text indicates significant p-values
The 4-year follow-up post-intervention measurements were conducted over the 2014 academic year in Reus (intervention group) and in Cambrils, Salou and
Vila-seca (control group)
aThe BMI z-score was calculated from the WHO “Growth reference 5–19 years” tables
bGeneral Linear Mixed Models of repeated measures
cbaseline (2007–2008)
dFisher’s exact test
erepeated measures General Linear Mixed Models
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with high socioeconomic status [32]. Conversely, the
EdAl program collected no data related to family
socioeconomic status, and this variable may be an OB
confounder [34].
These 4-year follow-up post-intervention studies
showed similarities with respect to beneficial changes in
OB-related outcomes; however, comparing these studies
is difficult because of the different OB-related measures
that are used in each study. The data observed in the
present work argue in favor of the measurement of
various OB-related outcomes, including the BMI z-score
of schoolchildren, to enable comparisons among differ-
ent interventions.
A notable finding is that there is no consensus regarding
the best way to identify OB in children and adolescents,
which has contributed to some limitations because
Table 3 Baseline and 4-year follow-up post-intervention measurements of BMI categorized as OW and OB in the intervention and
control groups
Baseline, n (%) 4-year follow-up
post-intervention, n (%)
p-value Baseline to 4-year
follow-up post-interventiona
p-value Intervention vs. Controlb
WHO Criteriac
OW
Intervention Boys 39 (21.9) 31 (17.4) 0.322 0.314
Girls 38 (22.2) 12 (7.0) <0.001 0.602
Total 77 (22.1) 43 (12.3) <0.001 0.238
Control Boys 8 (11.8) 6 (8.8) 0.774
Girls 18 (20.9) 12 (14.0) 0.286
Total 26 (16.9) 18 (11.7) 0.229
OB
Intervention Boys 24 (13.5) 3 (1.7) <0.001 0.019
Girls 11 (6.4) 4 (2.3) 0.039 0.560
Total 35 (10.0) 7 (2.0) <0.001 0.205
Control Boys 5 (7.4) 3 (4.4) 0.500
Girls 6 (7.0) 2 (2.3) 0.289
Total 11 (7.1) 5 (3.2) 0.109
IOTF Criteriad
OW
Intervention Boys 39 (21.9) 30 (16.9) 0.163 0.238
Girls 30 (17.5) 11 (6.4) 0.002 0.581
Total 69 (19.8) 41 (11.7) 0.001 0.244
Control Boys 6 (8.8) 3 (4.4) 0.375
Girls 18 (20.9) 9 (10.5) 0.022
Total 24 (15.6) 5 (3.2) 0.008
OB
Intervention Boys 4 (2.2) 1 (0.6) 0.375 0.578
Girls 8 (4.7) 4 (2.3) 0.289 0.430
Total 12 (3.4) 5 (1.4) 0.092 0.186
Control Boys 3 (4.4) 3 (4.4) 1.000
Girls 1 (1.2) 2 (2.3) 1.000
Total 4 (2.6) 5 (3.2) 1.000
BMI body mass index, IOTF International Obesity Task Force, OW overweight, OB obesity, WHO World Health Organization
Bold text indicates significant values
The 4-year follow-up post-intervention measurements were conducted over the 2014 academic year in Reus (intervention group) and in Cambrils, Salou and
Vila-seca (control group)
aFisher’s exact test
bMcNemar’s test
cThe WHO criteria cutoff points (2007) were used for the BMI classification
dThe IOTF criteria cutoff points (Cole, 2000) were used for the BMI classification
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approaches differ with respect to BMI reference cri-
teria, pubertal stages, and racial/ethnic differences
[35]. A meta-analysis reported that the BMI criteria
have high specificity but low sensitivity for identifying
pediatric OB [35]. The BMI z-score is the optimal
measure of annual adiposity change for elementary
school-age children [36].
The present study showed an increase of PA at the 4-
year follow-up post-intervention. Of 3 studies that re-
ported the data of a 4-year follow-up post-intervention,
only one of them provided data on PA variables. Thus,
Cretan’s study [9] reported no changes of moderate-to-
vigorous levels of PA in min/week in boys of the inter-
vention group of students compared with the control
group at 4-year follow-up post-intervention. Similarly, at
4-year follow-up post-intervention, the EdAl study dem-
onstrated that, compared with the boys in the control
group, the boys in the intervention group showed in-
creased after-school PA in h/week. Although the
moderate-to-vigorous levels of PA in the EdAl study was
not assessed similar to Cretan study, both studies show
only an increase in the PA of boys. Thus, future studies
should identify strategies to motivate girls to be physic-
ally active.
In contrast, the CATCH study, a 3-year school-based
randomized controlled trial (3rd-5th grade school
children) that was implemented in the USA showed that
the PA levels of intervention students declined after the
cessation of the intervention, while the PA levels in the
intervention group were higher than the PA levels of the
control group [11]
At the 4-year follow-up post-intervention of the EdAl
study, the food habits followed a similar pattern between
the intervention and control groups and showed a
reduction in the consumption of healthy foods such as
dairy products, fruit and fish. This result suggests that
the improvements in food-related habits that were estab-
lished during the program are lost over time. This find-
ing leads us to recommend that healthy dietary habits
should be encouraged at the 2-year follow-up post-
intervention to maintain healthy food intake. To our
knowledge, long-term follow-up studies after the conclu-
sion of school-based interventions for the prevention of
OB have included data on OB-related outcomes and PA
practice, but the subjects’ food habits have not been re-
ported in the long-term post-intervention follow-ups.
[10, 15]. This omission supports the need for further
research in this field.
Some factors that may contribute to a publication
bias due to the low number of follow-up publications
on school-based interventions are presented as fol-
lows: [7] a) a lack of success at the end of the inter-
vention; b) a high rate of participant dropout that
induces low attrition, which influences the study’s
power, the risk of bias and generalizability problems;
[33, 37] c) the high economic costs associated with
the demand for a large sample size; d) the risk of
contamination of the control group, which may arise
because of the initiation of healthy lifestyles in the
absence of any specific intervention; and e) a lack of
funding to support follow-up studies. To increase the
number of follow-up studies after an intervention’s cessa-
tion, it is important to try to solve each of these factors to
a) implement the interventions that report success; b) per-
suade the participants of the control group to continue in
the study, for example, by offering to the control group
Table 4 Physical and leisure activities assessed at baseline and 4-year follow-up post-intervention in the intervention and control
groups
Intervention group Control group
Baseline,
n (%)
4-year follow-up
post-intervention, n (%)
p-value baseline
to follow-upb
Baseline,
n (%)
4-year follow-up
post-intervention, n (%)
p-value baseline
to follow-upb
p-value intervention vs.
control changesc
TV and/or video games, h/day
≤
2 h/day
Boys 120 (90.9) 113 (72.0) 0.002 34 (81.0) 47 (78.3) 0.754 0.084
Girls 117 (91.4) 118 (74.7) 0.002 58 (85.3) 49 (73.1) 0.109 0.919
Total 237 (91.2) 231 (73.3) <0.001 92 (83.6) 96 (75.6) 0.115 0.268
After-school physical activity, h/week
≥
4 h/
week
Boys 41 (31.1) 92 (57.9) <0.001 10 (24.4) 22 (36.7) 0.388 0.111
Girls 27 (21.6) 59 (37.6) 0.004 13 (19.7) 22 (31.9) 0.049 0.852
Total 68 (26.5) 151 (47.8) <0.001 23 (21.5) 44 (34.1) 0.024 0.174
Bold text indicates significant p-values
The 4-year follow-up post-intervention measurements were conducted over the 2014 academic year in Reus (intervention group) and in Cambrils, Salou and
Vila-seca (control group)
aPhysical activity and the number of TV hours were analyzed at baseline and at 4-year follow-up post-intervention
bMcNemar’s test
cFisher’s exact test of differences between the intervention and control changes
Llauradó et al. BMC Public Health  (2018) 18:104 Page 9 of 12
the implementation of the intervention in their
schools when a study demonstrates its effectiveness,
and to motivate participants, it is important to in-
volve them in the study process; c) simplify the ana-
lyzed variables to reduce the economic costs at
follow-up; d) request that schools and participants if
they receive any healthy lifestyle recommendation in-
put to be aware about possible contamination; and e)
plan the sustainability of the program before its im-
plementation to assure its long-term funding [38].
Several limitations to our study were identified.
First, despite the acceptable retention rates between
the 2-year follow-up and the 4-year follow-up post-
interventions, substantial dropout rates at the 2-year
follow-up post-intervention were observed [18]. The
low retention rates at the 2-year follow-up post-
intervention that were observed in this study may be
explained by the emigration phenomenon that oc-
curred in Spain in 2013 in which approximately
30,000 children between ages 10 and 16 years emi-
grated with their parents [39]. In addition, the mobil-
ity of the participants from primary school to high
school represented a considerable challenge in
locating the adolescents at high school institutions.
Moreover, the low retention rates may partially be
due to the high rate of the parental decision to not
provide consent and the rate of adolescents who
themselves decided to not participate in the program.
Also, the authors decision to exclude the adolescents
birth before 01/01/1999 and after 31/12/2000 at 2-y
follow-up post-intervention, could impact the final re-
sults. This decision was based on the participants
birth between these dates presented the most sets of
complete data of inclusion criteria [18]. Similarly,
most other post-intervention follow-up studies have
described high dropout rates as a major limitation [9,
12, 14]. However, the retention rate of the present
study was higher than 25%, which may mean that the
dropout rate did not significantly affect our results
[40]. Moreover, dropouts were not differentially preva-
lent among the OW or OB adolescents and immi-
grant origin, which reduces the risk of bias [34].
However, a more through collection of demographic
variables should be conducted in future studies.
Second, there was an age difference between the
intervention and control groups because most of the
individuals in one group were born at the start of the
year, and most of the individuals in the other group
were born at the end of the year. Moreover, this
study has not analyzed puberty, and this variable
could act as a confounder. Third, there was a sample
size ratio of 2:1 in favor of the intervention groups,
which requires that our results be interpreted with
caution.
Regarding generalizability, the original EdAl program is
an easy-to-apply intervention that can be implemented in
the primary schools of Spain to prevent childhood OB
and improve lifestyles, with effects that extend from child-
hood to adolescence.
Conclusion
At the 4-year post-intervention follow-up of the EdAl
program, compared with the control groups, girls had
lower BMI z-scores and boys had lower OB prevalence
from the intervention. The encouragement in after-
school PA was long-lasting and maintained after the
cessation of the intervention, whereas healthy food
habits must be further reinforced in adolescents.
Additional file
Additional file 1: STROBE Statement—checklist of observational study
items of EdAl study. (PDF 149 kb)
Abbreviations
APPLE: A Pilot Programme for Lifestyle and Exercise; BMI: Body Mass Index;
CATCH: The Child and Adolescent Trial for Cardiovascular Health;
CHOPPS: CHristchurch Obesity Prevention Programme in Schools Study;
EdAl: Educació en Alimentació (Education in Nutrition); GLM: General Linear
Models; HPA: Health Promoting Agent; IOTF: International Obesity Task Force;
mITT: Modified intention-to-treat; OB: Obesity; OECD: Organisation for
Economic Co-operation and Development; OW: Overweight; PA: Physical
Activity; SD: Standard Deviation; WHO: World Health Organization
Acknowledgments
We express our appreciation to the university medical and health science
students of the Facultat de Medicina i Ciències de la Salut, Universitat Rovira
i Virgili (Reus, Spain), as well as the staff, parents and children of the primary
and high schools of Reus, Cambrils, Salou and Vila-seca for their enthusiastic
support in this study.
This work was partially supported by grants from the Instituto de Salud
Carlos III-ISCIII (Spanish Government) cofunded by FEDER funds / European
Regional Development Fund (ERDF) - a way to build Europe (References:
RD12/0036/0056, PI11/02090 and PI16/01254) and from the Agència de
Gestió d’Ajuts Universitaris i de Recerca (2014SGR756) and RecerCaixa 2015
(2015ACUP00129).
Funding
This research project has been supported by Fundació Privada Reddis,
Ajuntament de Reus, Vila-seca, Salou i Cambrils (Spain); Nutrition and
Health Technology Centre-TECNIO CT09–1-0019, Reus (Spain); Diputació de
Tarragona (Spain). These funders did not play a role in the Spanish study design,
data collection, study management, data analysis, interpretation of the data,
writing of the report, or decision to submit the report for publication.
Availability of data and materials
The technical appendix, statistical code and dataset are available from the
corresponding author. Email: lucia.tarro@urv.cat.
Authors’ contributions
MG, EL, LT, RS, MA-M designed the study (project conception, development
of overall research plan, and study oversight). MG, EL, LT, RS conducted the
research (hands-on conducting of the experiments and data collection). EL,
LT, MG, RS provided essential materials (applies to the authors who contributed
by providing constructs, databases, etc. that were necessary for the research).
EL, LT analyzed the data or performed the statistical analysis. RS, MG, LT, EL,
MA-M drafted and revised the manuscript (the authors who made a major
contribution). The final manuscript was read and approved by all co-authors.
EL, LT, RS take primary responsibility for the study and manuscript content.
Llauradó et al. BMC Public Health  (2018) 18:104 Page 10 of 12
Authors’ information
ELL has a Ph.D. and is a researcher and professor at Universitat Rovira i Virgili.
LT has a Ph.D. and is a researcher and professor at Universitat Rovira i Virgili.
MAM is a Ph.D. MG has an M.D., Ph.D. and is a researcher and professor at
Universitat Rovira i Virgili. MG is also vice-dean of Universitat Rovira i Virgili.
RS has an M.D., Ph.D. and is a full professor. RS is also a researcher and phys-
ician at Hospital Universitari
Sant Joan of Reus and Universitat Rovira i Virgili.
Ethics approval and consent to participate
The EdAl follow-up study was approved by the Clinical Research Ethical
Committee of the Hospital Sant Joan of Reus, Universitat Rovira i Virgili
(Catalan ethical committee registry #20; ref.: 12–03-29/3proj2).
Parents or guardians provided written informed consent for the children
who participated in the study.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Facultat de Medicina i Ciències de la Salut, Health Education and
Promotion, Functional Nutrition, Oxidation and Cardiovascular Disease
Research Group, Medicine and Surgery Department, Universitat Rovira i
Virgili, C/Sant Llorenç, 21, 43204 Reus, PC, Spain. 2Unit of Infections and
Cancer (UNIC – I&I), Cancer Epidemiology Research Program (CERP), Catalan
Institute of Oncology, (ICO)-IDIBELL, L’Hospitalet de Llobregat, Barcelona,
Spain. 3Unit of Farmacobiology, Functional Nutrition, Oxidation and
Cardiovascular Disease Research Group, Medicine and Surgery Department,
Universitat Rovira i Virgili, C/Sant Llorenç, 21, 43204 Reus, PC, Spain. 4Unit of
Lipids and Arteriosclerosis Research, CIBERDEM, Hospital Universitari Sant
Joan, IISPV, Universitat Rovira i Virgili, Technological Centre of Nutrition and
Health (CTNS), Functional Nutrition, Oxidation and Cardiovascular Disease
Research Group, Medicine and Surgery Department, Universitat Rovira i
Virgili, C/Sant Llorenç, 21, 43204 Reus, PC, Spain.
Received: 19 May 2016 Accepted: 20 December 2017
References
1. World Obesity Federation. About Obesity [Internet]. 2012 [cited 2015 Feb 15].
Available from: http://www.worldobesity.org/aboutobesity/.
2. The Organisation for Economic Co-operation and Development. Obesity
Update 2014 [Internet]. Available from: http://www.oecd.org/els/health-
systems/Obesity-Update-2014.pdf.
3. OECD. Health at a glance 2015. How does Spain compare? 2015;202.
Available from: http://www.oecd-ilibrary.org/social-issues-migration-health/
health-at-a-glance-2009_health_glance-2009-en.
4. OECD. Health at a glance 2015 [Internet]. 2015. Available from: http://www.
keepeek.com/Digital-Asset-Management/oecd/social-issues-migration-
health/health-at-a-glance-2015_health_glance-2015-en#page79.
5. Sánchez-Cruz J-J, Jiménez-Moleón JJ, Fernández-Quesada F, Sánchez MJ.
Prevalence of child and youth obesity in Spain in 2012. Rev. Esp. Cardiol.
(Engl. Ed). [Internet]. 2013 [cited 2015 Feb 21];66:371–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24775819.
6. Waters E, de Silva-Sanigorski A, Hall BJ, Brown T, Campbell KJ, Gao Y, et al.
Interventions for preventing obesity in children. Cochrane database Syst.
Rev. [Internet]. 2011 [cited 2014 Nov 6];CD001871. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22161367.
7. Jones RA, Sinn N, Campbell KJ, Hesketh K, Dennesy-Wilson E, Morgan PJ, et
al. The importance of long-term follow-up in child and adoelscent obesity
prevention interventions. Int J Pediatr Obes. 2011;6:178–81.
8. Manios Y, Kafatos A. Health and nutrition education in primary schools in
Crete: 10 years’ follow-up of serum lipids, physical activity and
macronutrient intake. Br J Nutr. 2006;95:568.
9. Manios Y, Kafatos I, Kafatos A. Ten-year follow-up of the Cretan Health and
Nutrition Education Program on children’s physical activity levels. Prev. Med.
(Baltim). 2006;43:442–6.
10. Perry CL, Sellers DE, Johnson C, Pedersen S, Bachman KJ, Parcel GS, et
al. The Child and Adolescent Trial for Cardiovascular Health (CATCH):
intervention, implementation, and feasibility for elementary schools in
the United States. Health Educ. Behav. [Internet]. 1997 [cited 2015
Feb 13];24:716–35. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
9408786.
11. Nader PR, Stone EJ, Lytle La, Perry CL, Osganian SK, Kelder S, et al. Three-
Year Maintenance of Improved Diet and Physical Activity. Arch. Pediatr.
Adolesc. Med. [Internet]. 1999;153:695. Available from: http://archpedi.
jamanetwork.com/article.aspx?articleid=347309.
12. James J, Thomas P, Kerr D. Preventing childhood obesity: two year follow-
up results from the Christchurch obesity prevention programme in schools
(CHOPPS). BMJ. 2007;335:762.
13. Taylor RW, Mcauley K a, Barbezat W, Farmer VL, Williams SM, Mann JI. Two-
year follow-up of an obesity prevention initiative in children : the APPLE
project. Am J Clin Nutr 2008;88:1371–1377.
14. Llargués E, Recasens A, Franco R, Nadal A, Vila M, Pérez MJ, et al. Medium-
term evaluation of an educational intervention on dietary and physical
exercise habits in schoolchildren: The Avall 2 study. Endocrinol. y Nutr.
(English Ed. [Internet]. SEEN; 2012;59:288–295. Available from: https://doi.
org/10.1016/j.endoen.2012.06.004.
15. Mora T, Llargués E, Recasens A. Does health education affect BMI? Evidence
from a school-based randomised-control trial. Econ. Hum. Biol. [Internet].
2014 [cited 2015 Feb 6]; Available from: http://www.ncbi.nlm.nih.gov/
pubmed/25483772.
16. Waters E, De Silva-Sanigorski A, Hall BJ, Brown T, Campbell KJ, Gao Y, et al.
Interventions for preventing obesity in children. Cochrane Database Syst
Rev. 2011:CD001871.
17. Tarro L, Llauradó E, Albaladejo R, Moriña D, Arija V, Solà R, et al. A primary-
school-based study to reduce the prevalence of childhood obesity–the EdAl
(Educació en Alimentació) study: a randomized controlled trial. Trials
[Internet]. 2014 [cited 2015 Jan 20];15:58. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?artid=3926975&tool=
pmcentrez&rendertype=abstract.
18. Tarro L, Llauradó E, Moriña D, Solà R, Giralt M. Follow-up of a Healthy
Lifestyle Education Program (the Educació en Alimentació Study): 2 Years
After Cessation of Intervention. J. Adolesc. Health [Internet]. 2014 [cited
2015 Jan 7];55:782–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
25193385.
19. Giralt M, Albaladejo R, Tarro L, Moriña D, Arija V, Solà R. A primary-school-
based study to reduce prevalence of childhood obesity in Catalunya
(Spain)–EDAL-Educació en alimentació: study protocol for a randomised
controlled trial. Trials [Internet]. 2011 [cited 2015 Jan 20];12:54. Available
from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
3052179&tool=pmcentrez&rendertype=abstract.
20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke
JP. The strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement: Guidelines for reporting observational
studies. Int. J. Surg. [Internet]. 2014 [cited 2014 Nov 21];12:1495–9. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/25046131.
21. Giralt M, Albaladejo R, Tarro L, Moriña D, Arija V, Solà R. A primary-school-
based study to reduce the prevalence of childhood obesity – the EdAl
(Educació en Alimentació) study: a randomized controlled trial. Trials.
BioMed Central Ltd. 2011;12:54.
22. Butin D. Special Issue: Introduction future directions for service learning in
higher education. Int J Teach Learn High. 2006;18:1–4. cited 2015 mar 12.
23. Stewart T, Wubbena ZC. A systematic review of service-learning in medical
education: 1998-2012. Teach Learn Med. 2015;27:115–22.
24. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition
for child overweight and obesity worldwide: international survey. BMJ
[Internet]. 2000 [cited 2015 Jan 23];320:1240–1243. Available from: http://
www.pubmedcentral.nih.gov/articlerender.fcgi?artid=27365&tool=
pmcentrez&rendertype=abstract.
25. World Health Organization. Growth reference data for 5–19 years [Internet].
2007. Available from: http://www.who.int/growthref/en/.
26. Serra-Majem L, Ribas L, Pérez-Rodrigo C, García-Closas R, Peña-Quintana L,
Aranceta J. Determinants of nutrient intake among children and
adolescents: results from the enKid Study. Ann. Nutr. Metab. [Internet]. 2002
Llauradó et al. BMC Public Health  (2018) 18:104 Page 11 of 12
[cited 2015 Jul 7];46 Suppl 1:31–38. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/12428079.
27. Llargués E, Franco R, Recasens A, Nadal A, Vila M, José Pérez M, et al.
[Weight, dietary patterns and exercise habits in first-year primary school
children: the AVall study]. Endocrinol. Nutr. [Internet] 2009 [cited 2015 Feb
22];56:287–292. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
19695510.
28. R Core Team. R: A language and environment for statistical computing
[Internet]. Vienna, Austria: R Foundation for Statistical Computing; 2016.
Available from: https://www.r-project.org/.
29. Wickham H. ggplot2: elegant graphics for data analysis. New York: Springer-
Verlag; 2009.
30. Flegal KM, Ogden CL. Childhood obesity: are we all speaking the same
language? Adv Nutr An Int Rev J. 2011;2:159S–66S.
31. Lai SK, Costigan SA, Morgan PJ, Lubans DR, Stodden DF, Salmon J, et al. Do
school-based interventions focusing on physical activity, fitness, or
fundamental movement skill competency produce a sustained impact in
these outcomes in children and adolescents? A systematic review of follow-
up studies. Sports Med. [Internet]. 2014 [cited 2015 mar 17];44:67–79.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24122775.
32. Plachta-Danielzik S, Pust S, Asbeck I, Czerwinski-Mast M, Langnäse K, Fischer
C, et al. Four-year follow-up of school-based intervention on overweight
children: the KOPS study. Obesity (Silver Spring). 2007;15:3159–69.
33. Lazorick S, Crawford Y, Gilbird A, Fang X, Burr V, Moore V, et al. Long-term
obesity prevention and the motivating adolescents with technology to
CHOOSE health™ program. Child Obes. 2013;10:1–9.
34. Knai C, Lobstein T, Darmon N, Rutter H, Mc Kee M. Socioeconomic
patterning of childhood overweight status in Europe. Int. J. Environ. Res.
Public Health [Internet]. Molecular Diversity Preservation International; 2012
[cited 2015 Mar 12];9:1472–1489. Available from: http://www.mdpi.com/
1660-4601/9/4/1472/htm.
35. Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al.
Diagnostic performance of body mass index to identify obesity as defined
by body adiposity in children and adolescents: a systematic review and
meta-analysis. Pediatr. Obes. [Internet]. 2014 [cited 2015 Mar 12];
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24961794.
36. Inokuchi M, Matsuo N, Takayama JI, Hasegawa TBMI. Z-score is the optimal
measure of annual adiposity change in elementary school children.
Ann Hum Biol. 2011;38:747–51.
37. Fewtrell MS, Kennedy K, Singhal A, Martin RM, Ness A, Hadders-Algra M, et
al. How much loss to follow-up is acceptable in long-term randomised trials
and prospective studies? Arch. Dis. Child. [Internet]. 2008 [cited 2015 mar
12];93:458–61. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
18495909.
38. Schell SF, Luke DA, Schooley MW, Elliott MB, Herbers SH, Mueller NB, et al.
Public health program capacity for sustainability: a new framework.
Implement. Sci. [Internet]. 2013 [cited 2014 Dec 26];8:15. Available from:
http://www.implementationscience.com/content/8/1/15.
39. Instituto Nacional de Estadística. (National Statistics Institute) [Internet]. 2014
[cited 2015 Mar 12]. Available from: http://www.ine.es/.
40. Cotter RB, Burke JD, Stouthamer-Loeber M, Loeber R. Contacting
participants for follow-up: how much effort is required to retain participants
in longitudinal studies? Eval. Program Plann. [Internet]. 2005 [cited 2015
May 10];28:15–21. Available from: http://www.sciencedirect.com/science/
article/pii/S0149718904000758.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Llauradó et al. BMC Public Health  (2018) 18:104 Page 12 of 12
